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Description 

BACKGROUND OF THE INVENTION: 

Field of the Invention: 

The present invention relates to a gas feed 
system for a gas fired diesel engine with a com- 
bustion chamber being fed with boil-off gas evap- 
orated from a liquefied gas tank as described in the 
pre-characterizing portion of claim 1 . 

Description of the Prior Art: 

With regard to the diesel engines making use 
of gas as a fuel, a low-pressure gas premixing 
combustion type and a high-pressure gas injection- 
diffusion combustion type are known, and in the 
prior art the low-pressure gas premixing combus- 
tion type was employed in many cases. This type 
of method is the method in which a premixed fuel- 
air mixture is sucked in an intake stroke or a gas 
fuel is injected into a cylinder over the initial period 
to the middle period of a compression stroke, in 
which abnormal combustion is liable to be gen- 
erated due to temperature rise caused by adiabatic 
compression during the compression stroke, hence 
the processing such that a compression ratio is 
made lower than the diesel engine in the case of 
operation by an oil fuel was necessitated, and there 
was a problem that a thermal efficiency and an 
output power are lowered. 

Therefore, developments of the diesel engines 
of high-pressure gas injection-diffusion combustion 
type are being carried forward by various com- 
panies at present. Fig. 4 shows one example of this 
high-pressure gas injection-diffusion combustion 
type of diesel engine in the prior art. With refer- 
ence to this figure, a gas boiled off from a liquefied 
natural gas tank 11 is pressurized by a high-pres- 
sure compressing apparatus 30, it is cooled down 
to an ordinary temperature by sea water in a heat- 
exchanger 40, then it is fed to a diesel engine 70 
through a high-pressure gas feed pipe 41. The 
high-pressure compressing apparatus 30 consists 
of 4-stage compressing mechanisms 31, 32, 33 
and 34 of reciprocating type, which are driven by 
an electric motor 35. Between the third stage com- 
pressing mechanism 33 and the fourth stage com- 
pressing mechanism 34 is provided an inter-cooler 
36 in which a pressurized gas is cooled by sea 
water. It is to be noted that reference numeral 10 
designates a liquefied gas tank installation. 

EP-A-0 069 717 discloses a similar gas feed 
system for a gas fired diesel engine with a com- 
bustion chamber being fed with boil-off gas evap- 
orated from a liquefied gas tank. In this system a 
first passageway for the gas is provided between a 



gaseous fuel tank and a high-pressure compress- 
ing apparatus. 

Further a second passageway for high-pres- 
sure gas is provided between the high-pressure 
5 compressing apparatus and the combustion cham- 
ber of the diesel engine. The high-pressure gas is 
pressurized by the high-pressure compressing ap- 
paratus. 

However, in the high-pressure gas injection- 
10 diffusion combustion type diesel engine, a lot of 
power is necessitated for the purpose of pressuriz- 
ing a gas up to a high pressure. Demonstrating one 
example of calculation for trial, in the case where 
from a liquefied natural gas tank having a capacity 
75 of 125,000 m 3 , 0.1% of the total amount boils off 
per one day, compressor power necessitated for 
pressurizing the total amount up to 250 bars 
(atms.) is about 700 kW. 

20 SUMMARY OF THE INVENTION: 

It is therefore one object of the present inven- 
tion to provide a novel gas feed system for a gas 
fired diesel engine that is free from the above- 

25 described disadvantages in the prior art. 

A more specific object of the present invention 
is to provide a gas feed system for a gas fired 
diesel engine in which power necessitated for pres- 
surization of boil-off gas is little. 

30 According to the present invention, the above 

described gas feed system further comprises the 
features of the characterizing portion of claim 1. 

Preferred embodiments of the invention are 
claimed in the dependant claims. 

35 In other words, the above-described problems 

in the prior art can be resolved owing to the follow- 
ing characteristic features of the invention: 

(1) There is provided a passageway through 
which a part of the gas fed to the diesel engine 

40 as a fuel is fed according to a low-pressure gas 
premixing method, and another passageway 
through which the remainer is fed according to a 
high-pressure gas injection method. The amount 
of gas fed as a low-pressure gas is limited to 

45 within such range that abnormal combustion 
may not be generated in the compression 
stroke. 

(2) A liquefied gas is added to a gas and then 
they are compressed. 

so According to the present invention, the follow- 

ing advantages can be obtained: 

(1) Since the amount of the high-pressure gas to 
be used is reduced, the power necessitated for 
pressurizing into a high-pressure gas becomes 

55 little. 

(2) The temperature of the boil-off gas at the 
inlet of the compressing apparatus is lowered. In 
addition, and the temperature rise of the gas in 
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the course of compression is suppressed to a 
little, the power necessitated for pressurization 
becomes little. 
The above-mentioned and other objects, fea- 
tures and advantages of the present invention will 
become more apparent by reference to the follow- 
ing description of preferred embodiments of the 
invention taken in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In the accompanying drawings: 
Fig. 1 is a system diagram of a gas feed system 
according to one preferred embodiment of the 
present invention; 

Fig. 2 is a T-S diagram to be referred to for 
explaining changes of a state of gas in the 
system shown in Fig. 1; 

Fig. 3 is a system diagram of a gas feed system 
according to another preferred embodiment of 
the present invention; and 
Fig. 4 is a system diagram of a gas feed system 
in the prior art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS: 

In the following, the present invention will be 
described in greater detail in connection to the 
preferred embodiments of the invention. A first 
preferred embodiment of the invention is illustrated 
in Fig. 1 , which is a system diagram of a gas feed 
system in which a boil-off gas produced from a 
liquefied natural gas tank is pressurized and then 
fed to a diesel engine. Fig. 2 is a T-S diagram of 
methane to be referred to for explaining change of 
a state of a boil-off gas in a compression stroke. 

In Fig. 1, reference numeral 10 designates a 
liquefied natural gas tank installation, numeral 20 
designates a liquefied gas adding apparatus, nu- 
meral 30 designates a high-pressure compressing 
apparatus, numeral 40 designates a heat-exchang- 
er, numeral 41 designates a high-pressure gas feed 
pipe, numeral 50 designates a low-pressure com- 
pressing apparatus, numeral 51 designates a low- 
pressure compressor, numeral 52 designates an 
electric motor, numeral 60 designates a heat-ex- 
changer, numeral 61 designates a low-pressure gas 
feed pipe, and numeral 70 designates a diesel 
engine. 

Furthermore, reference numeral 11 designates 
a natural gas tank, numeral 12 designates a lique- 
fied gas transfer pump, numeral 21 designates a 
service tank, numeral 22 designates a liquefied gas 
pressurizing pump, numeral 23 designates a lique- 
fied gas adding nozzle, numeral 24 designates a 
liquid drop classifier, numerals 31, 32, 33 and 34 



designate compressing mechanisms, and numeral 
35 designates an electric motor. 

The liquefied natural gas within the tank 11 is 
evaporated by the heat continuously entering from 

5 the environmental atmosphere into the tank, and 
thus a boil-off gas is produced. A most part of the 
boil-off gas is pressurized up to a high pressure by 
the high-pressure compressing apparatus 30, then 
it is cooled down to an ordinary temperature by 

w sea water in the heat-exchanger 40, and it is fed to 
the diesel engine 70 through the high-pressure gas 
feed pipe 41. The high-pressure compressing ap- 
paratus 30 includes four stages of reciprocating 
type compressing mechanisms 31, 32, 33 and 34, 

/s which are driven by the electric motor 35. A part of 
the boil-off gas is pressurized to a low pressure by 
the low-pressure compressing apparatus 50, then it 
is heated up to an ordinary temperature by sea 
water in the heat-exchanger 60, and it is fed to the 

20 diesel engine 70 through the low-pressure gas feed 
pipe 61. 

In the diesel engine 70 are provided a gas 
injection nozzle, a control valve and the like not 
shown, and the low-pressure gas is either fed as a 

25 premixed fuel-air mixture in the suction stroke of 
the diesel engine 70 or injected into the cylinder 
over the initial period and the middle period of the 
compression stroke. The amount of the low-pres- 
sure gas injected at this moment is limited to such 

30 range that abnormal combustion caused by tem- 
perature rise during the adiabatic compression 
stroke may not be generated. 

The high-pressure gas is momentarily injected 
into the cylinder in the neighborhood of the upper 

35 dead point of the piston. Almost simultaneously 
with this injection of the high-pressure gas, a pilot 
oil for ignition use is injected into the cylinder by 
means of a pilot oil injection device not shown. 
The respective basic technology relating to 

40 these low-pressure gas feed, high-pressure gas 
injection and pilot oil injection are well known in 
connection to diesel engines of low-pressure gas 
premixing combustion type and high-pressure gas 
injection-diffusion combustion type. 

45 Referring now to Fig. 2, the ordinate represents 

a temperature T, and the abscissa represents an 
entropy S. In this figure, curve A-B represents a 
saturated liquid line, curve D-F represents a satu- 
rated vapor line, curve E-H represents an isobar of 

50 250 bar, and curve A-C-F-G represents an isobar of 
1 bar. 

In the above-described gas feed system, the 
liquefied natural gas within the tank 11 is continu- 
ously evaporated by heat invasion from the envi- 
55 ronmental atmosphere, and a boil-off gas is being 
generated. Prior to pressurization in the high-pres- 
sure compressing apparatus 30, the boil off gas is 
added with a liquefied gas in the liquefied gas 
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adding apparatus 20. 

More particularly, the service tank 21 in the 
above-described liquefied gas adding apparatus 20 
receives the liquefied gas transferred from the tank 
11 by means of the liquefied gas transfer pump 12. 
The liquefied gas within the service tank 21 is 
pressurized by the liquefied gas pressurizing pump 
22, and it is injected and added to the boil off gas 
in a liquefied gas adding nozzle 23. 

While the added liquefied gas would evaporate 
entirely if the injection rate of the liquefied gas is 
small, if the liquefied gas is injected and added at 
a higher rate than that necessitated for the tem- 
perature of the boil-off gas to be lowered down to 
the saturated vapor temperature, the mixture takes 
the state of 2-phase flow consisting of a gas phase 
of the boil-off gas and a liquid phase of the lique- 
fied gas in the state of minute drops. 

Preferably, in the liquid phase the liquid drops 
should be as minute as possible, and to that end, 
coarse liquid drops are removed by the liquid drop 
classifier 24 and returned to the service tank 21. 
The 2-phase flow having the coarse liquid drops 
removed is successively pressurized in four stages 
by the compressing apparatus 30, thereafter it is 
cooled or heated by sea water in the heat ex- 
changer 40, and then it is fed to the diesel engine 
70 as a fuel. 

For the purpose of explanation of the change of 
states of the boil-off gas in the respective proce- 
dures with reference to the T-S diagram in Fig. 2, 
the conditions are assumed as follows: - That is, 
the change of states is handled under the assump- 
tion that the component of the liquefied natural gas 
is pure methane. Further it is assumed that the 
temperature of the boil-off gas is 130*K, its pres- 
sure is 1 bar, and a pressurized gas having a 
pressure of 250 bar at the ordinary temperature 
(about 300 * K) is obtained. In addition, it is as- 
sumed that the compression is isoentropic ad- 
iabatic compression, the boil-off gas and the liquid 
drops of the injected liquefied gas form an ideally 
uniform mixed phase, and furthermore, thermal in- 
vasion from the environmental atmosphere and me- 
chanical friction or the like are neglected. 

The state of the boil-off gas before treatment is 
represented by point G. If this is pressurized to 250 
bar by simply compressing in 4 stages in itself, the 
state comes to point H. By cooling this down to the 
ordinary temperature (about 300 "K) by sea water 
while maintaining the constant pressure of 250 bar, 
the state changes to point E, and the gas is fed to 
the diesel engine at this state. 

The enthalpy difference between G-H is about 
170 kca!/kg, and the enthalpy difference between 
H-E is about 130 kcal/kg. This means that me- 
chanical energy equivalent to about 170 kcal is 
consumed per 1 kg of boil-off gas and most of the 



energy of about 130 kcal is wasted as thermal 
energy in the sea water. 

Explaining now the treatment according to the 
present invention, a liquefied gas at point A is 

s added to a boil-off gas at point G. If the amount of 
the liquefied gas being added is small, the total 
amount would evaporate, and the temperature of 
the boil-off gas is lowered principally by the latent 
heat of this evaporation and would come to the 

io state between G-F. For instance, it comes to point 
G'. If this is subjected to 4-stage compression, the 
state would come to point H'. The enthalpy dif- 
ference between G'-H' is smaller than the enthalpy 
difference between G-H. 

75 As the amount of the liquefied gas being in- 

jected and added is increased, the temperature of 
the gas after addition is lowered until it reaches 
point F. If the amount of addition is further in- 
creased, the temperature of the gas after addition 

20 would be no more lowered under the temperature 
of point F, but the gas would become a two-phase 
fluid consisting of the gas at point F and the 
liquefied gas at point A. 

By way of example, describing now with re- 

25 spect to the case where 0.5 kg of the liquefied gas 
at point A was added to 1 kg of the boil-off gas at 
point G, the fluid forming the two-phase flow after 
injection would come to point C, and if this fluid is 
compressed in four stages up to 250 bar, it comes 

30 to point E, the temperature at point E being about 
300 # K. Among the compression process from 
point C to point E, the process from point C to 
point D is compression in a two-phase flow. Ex- 
plaining now with respect to a gas phase and a 

35 liquid phase separately, the gas phase component 
is pressurized along the saturated vapor line F-D, 
on the other hand, the liquid phase component is 
pressurized and raised in temperature along the 
saturated liquid line A-B while it is partly evaporat- 

40 ing, and as a result of evaporation of the entire 
amount, the liquid phase component disappears at 
point B. The enthalpy difference between C-E is 
about 85 kcal/kg. 

In other words, by adding 0.5 kg of the lique- 

45 fied gas at point A to 1 kg of the boil-off gas at 
point G, 1.5 kg of two-phase fluid at point C can be 
obtained. The mechanical energy necessitated for 
compressing this two-phase fluid to 1.5 kg of the 
pressurized gas at point E, is equivalent to 85 

50 kcal/kg x 1.5 kg = 130 kcal. As described above, 
in comparison to the case where the boil-off gas at 
point G is in itself compressed, the necessary 
mechanical energy is reduced, and moreover, the 
obtained amount of the gas at point E is increased 

55 to 1 .5 folds. 

If the amount of the liquefied gas added to 1 
kg of the boil-off gas is more than 0.5 kg, the state 
of the obtained two-phase liquid would shift from 
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point C towards point A, for instance, would come 
to point C'. On the contrary, if it is less than 0.5 kg, 
the state would come to point C". If the gases at 
these states are compressed up to 250 bar, then 
they would become the gases at point E' and at 
point E", respectively, hence the temperature of the 
obtained high-pressure gas would be varied, and 
also the mechanical energy necessitated for pres- 
surization is decreased or increased, respectively. 

If this attained temperature should exceed the 
allowable range for being fed to the diesel engine 
70, then the attained gas is heated or cooled by 
sea water in the heat-exchanger. 

It is to be noted that if the proportion of the 
liquefied gas to be added to the boil-off gas can be 
preset in a certain limited range, that is, if the gas 
temperature at the outlet of the compressing ap- 
paratus 30 can be preset within an allowable range, 
the heat-exchanger 40 could be omitted. 

Fig. 3 is a system diagram showing a second 
preferred embodiment of the present invention. 

While the total amount of the liquefied gas to 
be added was added in the preceding stage before 
entering the high-pressure pressurizing apparatus 
in the above-described first preferred embodiment, 
in the case of this second preferred embodiment, 
liquefied gas adding nozzles 22a, 23b, 23c and 23d 
are disposed for the corresponding ones of the 4 
stages of compressing mechanisms 31 , 32, 33 and 
34 in the high-pressure compressing apparatus 30 
to successively add the liquefied gas. 

In the case of compressing a two-phase fluid, it 
is desirable that the liquid-phase component should 
be distributed as uniformly as possible within the 
gas taking a minute liquid drop state, but to that 
end it is necessary to add an appropriate amount 
in sequence rather than adding a large amount of 
liquefied gas at a time. In the second preferred 
embodiment, since the liquefied gas adding noz- 
zles 23a, 23b, 23c and 23d are provided respec- 
tively for the corresponding ones of the compress- 
ing mechanisms 31, 32, 33 and 34, this require- 
ment can be fulfilled relatively easily. 

As described in detail above, according to the 
present invention, with respect to feeding of gas to 
a diesel engine of the high-pressure gas injection- 
diffusion combustion type, the characteristic feature 
exists in that (1) a part of a gaseous fuel is fed 
according to the low-pressure premixing method, 
and that (2) a liquefied gas is added to the gaseous 
fuel and then compressed, and so, as compared to 
the method in the prior art in which the total 
amount of gas is fed as a high-pressure gas, me- 
chanical power necessitated for pressurizing the 
gas becomes little because a part of the gas is fed 
in a low-pressure gas state owing to the feature (1 ) 
above. 

In addition, owing to the feature (2) above, the 
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state of gas on the T-S diagram upon compression 
of the gas is shifted to the low-temperature side as 
compared to the fuel feed system in the prior art in 
which a liquefied gas is not added, and hence, 

5 power necessitated for pressurization is reduced. 
Moreover, owing to the combination of the feature 
(1) and the feature (2) above, under the condition 
that the amounts of the boil-off gas and the lique- 
fied gas to be added are kept constant, not only 

io the amount of gas to be high-pressure compressed 
is reduced, but also the state of the gas when it 
was compressed at a high pressure, is shifted 
further to the low temperature side, and therefore, 
the power necessitated for pressurization is further 

75 reduced remarkably. 

Claims 

1. A gas feed system for a gas fired diesel en- 
20 gine (70) with a combustion chamber being fed 

with boil-off gas evaporated from a liquefied 
gas tank (1 1 ); 

in which a first passageway for the boil-off gas 
evaporated from said liquified gas tank is pro- 

25 vided between said liquified gas tank (11) and 

a high-pressure compressing apparatus (30); 
and a second passageway (41) for high-pres- 
sure gas is provided between the high-pres- 
sure compressing apparatus (30) and the com- 

30 bustion chamber of said diesel engine (70); 

and 

said high-pressure gas is pressurized by said 
high-pressure compressing apparatus (30); 
characterized in that 

35 a third passageway (61) for low pressure boil- 

off gas evaporated from said liquified gas tank 
is provided between said liquified gas tank (11) 
and the combustion chamber of said diesel 
engine (70), with a low pressure compressing 

40 apparatus (50) being provided in the third pas- 

sageway between said liquified gas tank (11) 
and the combustion chamber of said diesel 
engine (70); 

a liquefied gas adding apparatus (20) to mix 
45 liquefied gaseous fuel pumped from said 

liquified gas tank (11) with boil-off gas evap- 
orated from said gaseous fuel tank (11) is 
provided in the first passageway between said 
liquified gas tank (11) and the high-pressure 
50 compressing apparatus (30); and 

the second passageway (41) with high-pres- 
sure pressurized gas feeds either boil-off gas 
or a mixture of boil-off gas and liquefied gas 
into the combustion chamber of said diesel 
55 engine (70). 

2. The gas feed system as claimed in claim 1 , 
characterized in that a first heat exchanger (40) 
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is provided in the second passageway (41) 
between the high-pressure compressing ap- 
paratus (30) and the combustion chamber of 
said diesel engine (70). 

3. The gas feed system as claimed in claim 1 , 
characterized in that a second heat exchanger 
(60) is provided in the third passageway (61) 
between the low-pressure compressing appa- 
ratus (50) and the combustion chamber of said 
diesel engine (70). 

Revendlcations 

1. Un systeme d'alimentation en gaz pour un 
moteur diesel a gaz (70) avec une chambre de 
combustion alimentde par un gaz de d^perdi- 
tion evapore a I'interieur d'un reservoir de gaz 
liqu£fi£ (11); dans lequel un premier conduit 
pour le gaz de deperdition est prevu entre ledit 
reservoir de gaz liquefie (11) et un appareil de 
compression a haute pression (30); et un se- 
cond conduit (41) pour le gaz a haute pression 
est prevu entre I'appareil de compression a 
haute pression (30) et la chambre de combus- 
tion dudit moteur diesel (70); et ledit gaz & 
haute pression est comprint par ledit appareil 
de compression a haute pression (30); caracte- 
rise* par le fait qu'un troisieme conduit (61) a 
6\6 pr6vu pour le gaz de deperdition a basse 
pression evapore a I'interieur dudit reservoir 
de gaz liquefi§ (11) entre ledit reservoir de gaz 
liqu<§fie" (11) et la chambre de combustion du- 
dit moteur diesel (70) avec un appareil de 
compression a basse pression (50) prevu sur 
le troisieme conduit entre ledit reservoir de gaz 
liquefie (11) et la chambre de combustion du- 
dit moteur diesel (70); un appareil d'adjonction 
de gaz liquefie (20) pour m£langer le carburant 
gazeux pompe a I'inteVieur du reservoir de gaz 
liquefie (11) au gaz de deperdition evapore 
aTinteneur dudit reservoir de gaz liquefie (11) 
est pr£vu dans le premier conduit entre ledit 
reservoir de gaz liquefie (11) et I'appareil de 
compression a haute pression (30); et le se- 
cond conduit (41) dans lequel circule du gaz 
comprime a haute pression fournit soit du gaz 
de deperdition soit un melange de gaz de 
deperdition et de gaz liqu£fi£ dans la chambre 
de combustion dudit moteur diesel (70). 

2. Le systeme d'alimentation en gaz d£fini a la 
revendication 1., caracterise par le fait qu'un 
premier echangeur de chaleur (40) est prevu 
dans le second conduit (41) entre I'appareil de 
compression a haute pression (30) et la cham- 
bre de combustion dudit moteur diesel (70). 



3. Le systeme d'alimentation en gaz d£fini a la 
revendication 1., caracterise par le fait qu'un 
second Echangeur de chaleur (60) est prevu 
sur le troisieme conduit (61) entre I'appareil de 
5 compression a basse pression (50) et la cham- 

bre de combustion dudit moteur diesel (70). 

Patentanspruche 

70 1. Gaszufuhranlage fur einen Diesel-Gasmotor 
bzw. gasbetriebenen Dieselmotor (70) mit ei- 
nem Brennraum, der mit aus einem Flussig- 
gastank (11) verdampftem Absiede- Oder Ver- 
dampfungsgas speisbar ist, 

75 wobei eine erste Leitung fur das aus dem 

FlUssiggastank verdampfte Absiedegas zwi- 
schen dem FlUssiggastank (11) und einer 
Hochdruck-Verdichtervorrichtung (30) Vorgese- 
hen ist, 

20 und eine zweite Leitung (41) fur Hochdruckgas 

zwischen der Hochdruck-Verdichtervorrichtung 
(30) und dem Brennraum des Dieselmotors 
(70) vorgesehen ist, 

und das Hochdruckgas durch die Hochdruck- 

25 Verdi chtervorrichtung (30) unter Druck gesetzt 

bzw. verdichtet wird, 
dadurch gekennzeichnet, da/3 
eine dritte Leitung (61) fur aus dem FlUssig- 
gastank (11) verdampftes Niederdruckabsiede- 

30 gas zwischen dem FlUssiggastank (11) und 

dem Brennraum des Dieselmotors (70) vorge- 
sehen ist, wobei eine Niederdruck-Verdichter- 
vorrichtung (50) in der dritten Leitung zwischen 
dem FlUssiggastank (11) und dem Brennraum 

35 des Dieselmotors (70) angeordnet ist, 

eine FlUssiggas-Zugabevorrichtung (20) zum 
Vermischen Von verflussigtem gasformigen 
Kraftstoff, der aus dem FlUssiggastank (11) ge- 
fbrdert wird, mit aus dem FlUssiggastank (11) 

40 verdampftem Absiedegas in der ersten Leitung 

zwischen dem FlUssiggastank (11) und der 
Hochdruck-Verdichtervorrichtung (30) angeord- 
net ist und 

die zweite Leitung (41) mit unter hohen Druck 
45 gesetztem Gas entweder Absiedegas Oder ein 

Gemisch aus Absiedegas und FlUssiggas in 
den Brennraum des Dieselmotors (70) ein- 
speist. 

so 2. Gaszufuhranlage nach Anspruch 1, dadurch 
gekennzeichnet, da/3 ein erster Warmetauscher 
(40) in der zweiten Leitung (41) zwischen der 
Hochdruck-Verdichtervorrichtung (30) und dem 
Brennraum des Dieselmotors (70) vorgesehen 

55 ist. 

3. Gaszufuhranlage nach Anspruch 1, dadurch 
gekennzeichnet, daC ein zweiter Warmetau- 



6 



11 EP 0 293 832 B1 12 



scher (60) in der dritten Leitung (61) zwischen 
der Niederdruck-Verdichtervorrichtung (50) und 
dem Brennraum des Dieselmotors (70) vorge- 
sehen ist. 
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